Introduction
Neonatal meningitis (NM) is a serious disease with substantial mortality and morbidity even among treated neonates (Overall, 1970; Harvey et al., 1999) . Costs associated with treating false positive patients include prolonged hospital stay, exposure of the neonate to broad spectrum antibiotics, and insertion of central venous catheters for prolonged antibiotic administration.
The incidence of neonatal meningitis is difficult to accurately determine because of testing limitations. The incidence of bacterial meningitis is approximately 0.3 per 1000 live births in industrialized countries (Davies & Rudd, 1994) . A recent study of neonatal infections in Asia (collecting data from China, Hong Kong, India, Iran, Kuwait, and Thailand), reported estimated incidence of neonatal meningitis from 0.48 per 1000 live births in Hong Kong to 2.4 per 1000 live births in Kuwait (Tiskumara et al., 2009) . Another recent publication that looked at neonatal infections in Africa and South Asia found an incidence of neonatal meningitis ranging from 0.8 to 6.1 per 1000 live births (Thaver et al., 2009 ).
The rate of mortality from bacterial meningitis in developed countries among neonates has declined from almost 50% in the 1970s to less than 10% in the late 1990s due to advances in perinatal care over the last decades. However, a corresponding decrease in the morbidity rate has not occurred (Puopolo et al., 2005) . Neonatal bacterial meningitis continues to be a serious disease with an unchanging rate of adverse outcome of 20-60%, despite a worldwide decline in mortality (Berardi et al., 2010) . Morbidities related to neonatal bacterial meningitis continue to be a significant source of disability. In a prospective sample of more than 1500 neonates surviving until age 5 years, the prevalence of neuromotor disabilities including cerebral palsy was 8.1%, learning disability 7.5%, seizures 7.3%, and hearing problems 25.8%. No problems were reported in 65% of babies who survived group B streptococcal (GBS) meningitis and in 41.5% of those who survived Escherichia coli (E.Coli) meningitis (Bedford et al., 2001 ).
The three major pathogens in developed countries are: Group B streptococcus, gram negative rods and Lysteria mococytogenes. Group B streptococci are the most commonly identified organisms, implicated in roughly 50% of all cases of bacterial meningitis, and E coli accounts for another 20%; identification and treatment of maternal genitourinary infections is thus an important prevention strategy (Klinger et al., 2000) . Listeria monocytogenes is the third most common pathogen, with 5-10% of cases; it is unique because it exhibits transplacental transmission (Heath et al., 2003) . Historically regardless of the specific pathogen involved, neonatal meningitis is most often caused by vertical transmission during labor, but the increasing numbers of infants surviving premature delivery and advances in unit intensive care it is increasingly recognized as an emerging cause of hospital-acquired infection, particularly among severely debilitated or immunosuppressed patients. The accumulative incidence of meningitis is highest in the first month of life and is higher in preterm neonates than term neonates (Overall , 1970) . For premature infants who develop meningitis, the neurodevelopmental consequences are often profound (Stoll et al., 2004) . It occurs most frequently in the days following birth and is more common in premature infants than term infants (Davies & Rudd, 1994) . Neonatal meningitis occurs in roughly 0.3 per 1000 live births; it is closely associated with sepsis, which is 5 times as common.
Risk factors for the development of meningitis include low birth weight (< 2500 g), preterm birth (< 37 weeks' gestation), premature rupture of membranes, traumatic delivery, fetal hypoxia, and maternal peripartum infection (including chorioamnionitis). Moreover neonates are at greater risk of sepsis and meningitis than other age groups because of deficiencies in humoral and cellular immunity and in phagocytic function. Infants younger than 32 weeks' gestation receive little of the maternal immunoglobulin received by full-term infants. (Volpe, 2008a (Volpe, ,2008b . Inefficiency in the neonates alternative complement pathway compromises their defense against encapsulated bacteria (Krebs et al., 2007) T-cell defense and mediation of B-cell activity also are compromised. Finally, deficient migration and phagocytosis by neutrophils contribute to neonatal vulnerability to pathogens of even low virulence.
No one clinical sign is pathognomonic of meningitis. Because the signs of meningitis are subtle and nonspecific there may be delays in diagnosis and treatment (Feigin et al., 1992) .

Bacterial meningitis, early onset  Symptoms appearing within the first 72 hours of life are referable primarily to systemic illness rather than meningitis. These include temperature inestability, episodes of apnea or bradycardia, hypotension, feeding difficulty, hepatic dysfunction, and irritability alternating with lethargy. (Volpe, 2008 (Volpe, a,2008b )  Respiratory symptoms can become prominent within hours of birth in GBS infection; however, the symptom complex also is seen with infection by Escherichia coli or Listeria species.
Bacterial meningitis, late onset  Late-onset bacterial meningitis (symptom onset beyond 72 hours of life) is more likely to be associated with neurologic symptoms. Most commonly seen are stupor and irritability, which Volpe describes in more than 75% of affected neonates.
Between 25% and 50% of neonates will exhibit the following neurological signs: seizures; bulging anterior fontanel; extensor posturing/ opisthotonus; focal cerebral signs including gaze deviation and hemiparesis; cranial nerve palsies. Nuchal rigidity per se is the least common neurologic sign in neonatal bacterial meningitis, occurring in fewer than 25% of affected neonates.
Interpretation of cerebrospinal fluid (CSF) findings is more difficult in neonates than in older children, especially in premature infants whose more permeable blood-brain barrier causes higher levels of glucose and protein (Smith et al., 2008) . So when faced with the need to make therapeutic decisions on the interpretation of CSF parameters, pediatricians, family practice physicians, and neonatologists often use The Harriet Lane Handbook as their guide (Robertson & Shilkofski, 2005 (Garges et al., 2006) .Bacterial meningitis commonly causes CSF pleocytosis greater than 100 WBC/µL, with predominantly polymorphonuclear leukocytes gradually evolving to lymphocytes (Garges et al., 2006) .
Emerging pathogens are those that have appeared in a human population for the first time, or have occurred previously but are increasing in incidence or expanding into areas where they have not previously been reported, usually over the last 20 years (World Health Organization (WHO), 1997). In our patients, the reported risk factors associated with emerging pathogens infection are prematurity, neurosurgical procedures (especially shunts and drainages), intracranial haemorrhages. Our current patients have been undergone several neurosurgical procedures and also, importantly, have been treated with a previous broad-spectrum antibiotic, which is also a suggested risk factor for infection with these emerging pathogens (Stenotrophomonas Maltophilia (Rojas et al., 2009) , Kluyvera ascorbata (Rosso et al., 2007) , Enterobacter sakazakii (Hunter et al., 2008) and Rhodococcus equi (Strunk et al., 2007) . Although these pathogens are considered an infrequent cause of meningitis, it has become a focus of interest not only due to increasing recognition of its pathogenic potential but also because of its marked antibiotic resistance.
Emerging pathogens and clinical case reports
In this chapter we report several cases of these emerging pathogens meningitis in newborns successfully treated. Two of them have been reported previously for us.
Rhodococcus equi (R. equi)
Rhodococcus equi is a Gram-positive, aerobic, pleomorphic, nonmotile, branching filamentous coccobacillus and was first isolated from the lungs of foals in Sweden in 1923 by Magnusson. Called Rhodococcus because of its ability to form a red (or salmon-colored) pigment, R. equi can be weakly acid-fast and bears a similarity to diphtheroids. R. equi primarily causes zoonotic infections that affect grazing animals. The first report of human infection occurred in the 1960s.The natural reservoir for this organism appears to be soil. The two main methods of acquiring this organism are inhalation and direct inoculation through trauma. Infections with R. equi have a significant potential for hematogenous dissemination, with bacteremia occurring in up to 80% of immunocompromised patients (Emmons et al., 1991) .
Case report
Patient was born as the first of twin brothers at 27 +2 weeks. The pregnancy was complicated by twintwin-transfusion syndrome, with twin 1 being the recipient. Delivery was by cesarean section for fetal distress. The APGAR scores at 1 and 5 minutes were 8 and 9, respectively. Shortly after delivery, the baby developed respiratory distress syndrome requiring intubation and ventilation for 2 days. After that, respiratory support was by continuous positive airway pressure. On day 10, sepsis with coagulase-negative staphylococci was treated with intravenous vancomycin (10 days) and gentamicin (3 days).
Head ultrasound examination on day 1 was normal, but a repeated scan on day 7 revealed a right-sided grade III intraventricular hemorrhage. Subsequent examinations demonstrated a slow increase of the size of the lateral ventricles and elevated resistive indices indicative of posthemorrhagic hydrocephalus. Therapeutic lumbar punctures performed 2-3 times per week yielded sterile cerebrospinal fluid (CSF). Cerebral magnetic resonance imaging on day 57 demonstrated post hemorrhagic aqueduct stenosis with dilated lateral and third ventricles. A ventriculoperitoneal-shunt was inserted on day 59 under perioperative antibiotic prophylaxis with intravenous vancomycin (1 dose) and cefotaxime (3 doses). On day 61, the baby developed apnea episodes and seizures requiring intubation and mechanical ventilation. A lumbar puncture was performed and CSF showed 24 106/L white cells (56% neutrophils) and 56 106/L erythrocytes. Gram-positive bacilli were seen in the CSF. Empiric antibiotic treatment with intravenous vancomycin (15 mg/kg/dose twice daily), meropenem (40 mg/kg/dose thrice daily), and ciprofloxacin (10 mg/kg/dose twice daily) was started. The VP-shunt was externalized on day 63 and removed on day 67. Cultures of the removed shunt and follow-up lumbar puncture CSF did not grow bacteria. The initial CSF culture had bacterial growth on day 68. CSF plated onto Blood Agar (Columbia agar base, Oxoid, Melbourne, Australia) and Chocolate Agar (GC agar base, Oxoid) and incubated at 35°C in a 5% CO2 atmosphere for 48 hours grew colonies 3-4 mm in diameter, irregularly round, smooth, and semitransparent. Production of salmon-colored pigmentation occurred after 4 days incubation. Gram stain revealed the presence of irregular shaped Gram-positive bacilli. Colonies were catalase-positive, oxidase negative, nitrate reduction positive, alkaline phosphatase positive, and urease negative. By the API Coryne system (Biomerieux, Marcyl'Etoile, France), the profile number was 1100004. The organism produced equi factors that interacted with the beta-toxin of Staphylococcus aureus to give an area of complete hemolysis on Sheep Blood Agar (Trypticase Soy agar base, Oxoid). Identification of Rhodococcus equi was confirmed by cellular fatty acid analysis and DNA sequencing. The antibiotic regimen was changed to intravenous vancomycin (15 mg/kg/dose twice daily) and rifampin (20 mg/kg once daily) and continued until day 90. This was followed by oral treatment with rifampin (10 mg/kg once daily) and azithromycin (10 mg/kg once daily) for a further 3 months. The baby's condition improved, and the CSF white cell count normalized. At the chronologic age of 6.5 months, a VP-shunt was reinserted without complications because of increasing hydrocephalus. When last seen at corrected age of 1 year, the boy had made good developmental progress with only slightly delayed motor skills.
Kluyvera ascorbata (K. ascorbata)
A new genus in the family Enterobacteriaceae in 1981 using molecular characterization and deoxyribonucleic acid (DNA)-DNA hybridation techniques. Strains of Kluyvera were 13 divided into two named species, Kluyvera ascorbata and Kluyvera cryocrescens, and a third unnamed group, Kluyvera species group 3 (Farmer et al., 1981) . The genus currently consists of 4 species, K. ascorbata, K. cryocrescens, K. georgina (formerly species group 3) and K.cochleae (Carter et al., 2005) . It is a small, motile Gram-negative bacillus with peritrichous flagella that is oxidase-negative and catalase-positive, and it ferments glucose (Farmer et al., 1981; Brooks et al., 2003; Narchi et al., 2005; Paredes-Rodriguez et al., 2002) . Confirmatory species identification of Kluyvera requires the demonstration of ascorbate utilization and glucose fermentation at 5ºC. Kluyvera is present in the environment in water, soil, sewage, hospital sinks, and food products of animal origin (Brooks et al., 2003) . It also has been isolated from a variety of human specimens (most commonly sputum, urine, stool, throat, and blood).It was initially considered to be a benign saprophyte predominantly colonizing the respiratory, gastrointestinal or urinary tract (Carter et al., 2005; Narchi et al., 2005; Sarria et al., 2001 ).
Case report
A male infant was born full term with a prenatally diagnosed lumbosacral myelomeningocele and dilated cerebral ventricles. The herniation was reduced and the defect repaired and a ventriculoperitoneal shunt was inserted. Five days following surgery he development fever, irritable crying and poor appetite. The physical examination was otherwise normal. Blood tests showed a peripheral white blood cell count of 4x10 9 /L, normal hemoglobin and platelet count and a C-reactive protein of 148 mg/L. Urine analysis by the dipstick method was normal. Cerebrospinal fluid obtained by ventriculoperitoneal shunt puncture was yellow and turbid. Analysis of CSF revealed pleocytosis with a white blood cell count of 11664 cells/mm 3 (98% neutrophils), protein 3.4 g/l, glucose 0.01 g/l. The concomitant plasma glucose was normal. Blood, urine and CSF cultures were obtained. The Gram stain of CSF was negative. Empirical antibiotic therapy with meropenem was started. Blood and urine cultures were normal. Kluyvera ascorbata was isolated from CSF sample. It was susceptible in vitro to third generation cephalosporins, trimethoprim, aminoglycosides, aztreonam, fluorquinolones, imipenem and amoxicillin-clavulanate; it was resistant to first generation cephalosporins and with intermediate susceptibility to second generation cephalosporins. Despite treatment with antibiotics, the patient remained febrile and with poor appetite. A computed tomography brain scan showed a left dilated ventricle. The shunt was removed and a temporary external CSF drainage was inserted. Two days after external CSF drainage was inserted, he became afebrile and appeared better. CSF analyses performed after 21 days of treatment revealed clear CSF. There were no white blood cells and the protein and glucose values were 2.7 g/l and 0.34 g/l, respectively. Gram stain of that CSF specimen failed to reveal bacteria and the culture was sterile. He received antibiotic therapy for 28 days, a ventriculoperitoneal shunt was replaced after infection was eradicated.
Stenotrophomonas maltophilia (S. maltophilia)
Is a nonfermentative Gram-negative bacillus, previously known as Pseudomonas maltophilia and later Xanthomonas maltophilia. This bacterium is found in several environments such as water, soil, plants, food and hospital settings (Nicodemo & Garcia -Paez 2007; Yemisen et al., 2008) . It is increasingly recognised as a significant cause of hospital acquired infection particularly among severely debilitated and immunosuppressed patients, those receiving longterm antimicrobial therapy and those with indwelling central venous catheters. The resultant infections are extensive, with the respiratory tract, soft tissues and the skin most frequently involved (Nicodemo & Garcia -Paez 2007; Denis et al., 1977) .
Case report
A baby boy was delivered at 26 weeks of gestation after a spontaneous rupture of membranes. The patient was admitted to our neonatal intensive care unit with Apgar scores of two and eight at 1 and 5 minutes, respectively. On the 12th day of his life clinical and radiological signs of perforated necrotizing enterocolitis (NEC) occurred and required surgical intestinal resection. Cerebral ultrasound at day 15 of his life was performed and showed intraventricular haemorrhage and dilated cerebral ventricles. Because of NEC, temporary external CSF drainage was inserted. Two weeks after external CSF drainage was performed, he developed Klebsiella Extended-spectrum beta-lactamase (ESBL) meningitis. Antibiotic therapy with meropenem was started and the external CSF drainage was replaced. After 19 days of treatment with meropenem a new CSF sample from drainage revealed 1200 cells/mm3 (95% neutrophils), protein 3.4 g/L and glucose 0.03 g/L.
Gramnegative bacillus were seen on gram strain in the CSF culture and it was positive for S. maltophilia. The strain was only susceptible in vitro to trimethoprimsulfamethoxazole (TMP-SMX), with a mean inhibitory concentration (MIC) of ≤2/38, minocycline and ciprofloxacin. TMP-SMX intravenous therapy (50 mg/kg per day in two divided doses) was commenced. The external ventricular drainage was not removed at this stage because the patient's state was critical. The next sample analysis of CSF from the drainage 14 days after starting TMP-SMX revealed the following profile: white blood cell count of 1300 cells/mm3 (90% neutrophils), protein 1.39 g/L and glucose 0.04 g/L. The CSF culture was still positive for S. maltophilia and consequently ciprofloxacin (15 mg/kg per day in two divided doses) was added to TMP-SMX. Furthermore, the external ventricular drainage was removed and after 7 days of therapy with ciprofloxacin in combination with TMP-SMX, the analysis of the CSF was normal and the culture was sterile. Finally, 21 more days of therapy were completed with both antibiotics. No adverse effects were found during ciprofloxacin treatment. There was no displacement of bilirubin with the use of sulfamethoxazole in our patient and the values were normal (maximum total bilirubin 127 mg/dL). A ventricular-peritoneal shunt was inserted after the infection was eradicated due to severe ventricular dilatation.
Enterobacter sakazakii (E. sakazakii)
Is a motile, non-sporeforming, Gramnegative facultative anaerobe. It was known as 'yellow pigmented Enterobacter cloacae' until 1980 when it was designated as a new species by Farmer, Asbury, Hickman and Brenner in honour of the Japanese bacteriologist Riichi Sakazaki. They reported that DNA-DNA hybridization studies found no clear generic assignment for E. sakazakii as it was 53-54% related to Enterobacter and Citrobacter species. A comparison of the type strains of these two genera showed that E. sakazakii was 41% related to C. freundii and 51% related to E. cloacae. Subsequently, since it was also phenotypically closer to E. cloacae, Farmer, Asbury, Hickman and Brenner (1980) assigned the organism to the Enterobacter genus.The natural habitat of E. sakazakii is unknown, but it has been isolated from a number of hospital sources (Farmer et al., 1980) . Most of these reports describe single cases. Because pigment production, a distinguishing characteristic of E. sakazakii, is greatly diminished at the usual incubation temperature of 36°C, it seemed likely that a number of E. sakazakii isolates were not recognized as atypical E. cloacae in the past
Cases report
Infection of the newborn is probably through ingestion of contaminated infant milk formula and not through vertical transmission from the mother during birth (Mutyjens & Kollee, 1990) . The first reported association of E. sakazakii with contaminated Infant milk formula (IMF) powder was by (Muytjens et al., 1983) in the Netherlands studying eight cases of neonatal meningitis and sepsis. E. sakazakii was isolated from prepared milk formula, a dish brush and a stirring spoon. These isolateswere studied in more detail later by ( Smeets et al., 1998) . In Iceland three cases were reported linked to milk formula contaminated with E. sakazakii (Biering et al., 1989) . US Centers for Disease Control and Prevention (Himelright et al., 2002) reported an investigation into the 2001 Tennessee outbreak of E. sakazakii in a neonatal intensive care unit in which 10 cases were identified. The index case was a male infant (born at 33.5 weeks) who had been admitted to the neonatal intensive care unit because of premature birth weight and respiratory distress. After 11 days the baby developed symptoms of meningitis (fever, tachycardia, decreased vascular perfusions and suspected seizure activity) and despite being given intravenous antibiotics the infant died after a further 9 days. E. sakazakii was cultured from the cerebrospinal fluid. Following increased surveillance a further 10 cases of E. sakazakii colonisation were found on the neonatal unit; 2 from 'nonsterile' site with clinical deterioration. The use of infant formula milk was the only factor associating the cases. More recently (Simon et al., 2010) described a case of meningitis in a neonatal intensive care unit occurred as a result of the use of a powered infant formula contaminated with E. sakazakii at manufacturing level, and an inadequate preparation and storing of the reconstituted product were identified as risk factors.
Discussion
The potential virulence of these pathogens above mentioned have been uncertain in the past, owing in part to its relatively recent characterization and the small number of reported clinical infections.
The reported risk factors associated with these pathogens infection are prematurity, neurosurgical procedures (especially shunts and drainages), intracranial haemorrhages and malignancies (Caylan et al., 2002) . Our patients had undergone several neurosurgical procedures and also importantly, had been treated with a previous broad-spectrum antibiotic such as ampicillin, 3rd generation cephalosporins and carbapenem, which is also a suggested risk factor for infection. Aggressive antimicrobial intervention is lifesaving in neonates with suspected meningitis.
These emergent pathogens are increasingly recognised as a cause of nosocomial infections of special interest because of its intrinsic resistance to multiple antimicrobial agents used to treat Gram-negative infections. So (Rojas et al., 2009) found S. maltophilia isolates were resistant to ampicillin, cefazolin and extended spectrum penicillins, but were susceptible to the aminoglycosides and trimethoprimsulfamethoxazole. It is resistant to a variety of antibiotics, for example aminoglycosides, ß-lactam agents and it is intrinsically resistant to carbapenems. Based on susceptibility studies, TMP-SMX is the drug of choice for treatment of S. maltophilia infections. However, recent data indicate that the percentage of strains resistant to TMPSMX may be increasing (Nicodemo & Garcia -Paez 2007; WenTsung et al., 2002; Krcmery V et al., 1999; Van den Oever et al., 1998) . In this patient the pathogen was susceptible to this antimicrobial therapy but CSF cultures only became sterile after removal of the external ventricular drainage and the addition of ciprofloxacin to TMP-SMX. We decided to add ciprofloxacin because TMP-SMX is bacteriostatic and the infant was seriously ill (Table1). The administration of sulfamethoxazole, which binds to albumin and competes with bilirubin, can increase the possibility of hyperbilirubinaemia and serious neurological complications such as kernicterus in neonates. This was not observed in our patient. (Narchi et al., 2003; Sarria et al.,2001 ). In our case, above mentioned the Kluyvera species was also sensitive to third-generation cephalosporins, quinolones, aminoglycosides and carbapenems. We used meropenem with a good clinical response. We used this antibiotic because of predisposing factors for resistant hospital acquired microorganisms such as colonization with nosocomial pathogens, broad spectrum antibiotic usage, underlying disease and intensive care unit admission. Table 1 . Details of children with meningitis caused by S. maltophilia (Lai, 2001) found all E. sakazakii isolates were resistant to ampicillin, cefazolin and extended spectrum penicillins, but were susceptible to the aminoglycosides and trimethoprimsulfamethoxazole. Whereas sensitivity to 3rd generation cephalosporins and the quinolones was variable. Subsequently (Lai, 2001) proposed the use of carbapenems or 3rd generation cephalosporins with an aminoglycoside or trimethoprim with sulfamethoxazole. This treatment regime has improved the outcome of E. sakazakii meningitis though the resistanceof Enterobacter spp. to these antibiotics is increasing (Lai, 2001; Dennison & Morris, 2002) have reported an E. sakazakii infection that was resistant to multiple antibiotics, including ampicillin, gentamicin and cefotaxamine.
Other hand selection of antibiotics should be determined based on likely pathogen, local patterns of antibacterial drug sensitivities, and hospital policies. When NM is suspected, treatment must be aggressive, as the goal is to achieve bactericidal concentration of antibiotics and to sterilize CSF as soon as possible with empiric antibiotic treatment should include agents active against all main pathogens; but we must be alert because these novel pathogens are resistant to a variety of antibiotics, for example aminoglycosides, ß-lactam agents and including to carbapenems. Here, we have reported our experience with these emerging pathogens in neonatal meningitis.
Conclusion
In summary we are witnessing new emerging pathogens causing potentially fatal bacterial neonatal meningitis. Here, we report our experience with these emerging pathogens. Given the expected increase in the future regarding the frequency of these emerging pathogens causing nosocomial infections including meningitis due to these organisms in neurosurgical patients and its marked resistance to antibiotics, they should be considered as a potential cause of meningitis in neonates with external ventricular drainage who are receiving long term broad spectrum antimicrobial therapy.
